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o S, Production of
—Based Polymers

W Lbs of Product e P
i A .
. : Polyarylate\ ) P
"240008.C. Plan Foer e ST e e
10000 B.C. Flax, Ramie, Jute Polyphenylene Sulfige _,\ V~Aram|d F.bé’r(KeWar@) J
9000 B.C. Wool Carbon Fibers “ \V' Aramid Fiber(Nomex®)
1010 5000 B.C. Silk Isotactic PP © lonomer(Sur @}/"®)®
3000 B.C. Cotton Polycarbonates -= W Polyimides(Kapton®, Vespel®)
1850 A.D. Carbon Cis Polybutadiene -p» » Polyacetal(Delrin®, EPDM Rubber(Nordel®)
1884 A.D. Rayon ABS, Cis PIP == v Elastomeric Fibers(Lycra®)
1902 A.D. Acetate . Fluoroelastomer(Viton®)
HDPE
10° Polyethylene terephthalate=® < Polyacrylonitrile(Orlon®)
Silicone Elastomers
Nylon 6
PEO, SBR, Epoxy Resins - <=9- Polytetrafluoroethylene(Teflon®) 1 998 ~85X1 09 Ibs
108 Polyurethanes 1923: ~23x1061bs

LDPE -e=
PS, PMMA Sheet =&,

=2- Nylon 6,6

<9 Polychloroprene(Neoprene)
®Reg. DuPont trade mark

1920
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Plasg'e" a key

role in energy efficiency through
weight reduc@n of automobiles
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s have largely penetrated natural fibers.....

BARLA FIDER PEARACTION
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But we are still early in the game for penetratio

of metal and glass by polymers
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.er S and improved designs improve

d air c@tioning energy effieciency

Domestic Refrigerator-Freezer
Electricity Use (kWh/year)

1500 i

1000 \‘\‘\\‘\\

0 T T T T
1970 1975 1980 1985 1990

kiWlilygaar

500

1995

Year

United States Data for 570 liter internal volume unit

Major Trends



cience and

lechnology

E
Genetic engineering
» | Controliefiprimary structure
Control of nanostructure
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Self-organization, templating
Combinatorial approaches
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_.,-Ene'r'%y ficiency Opportunities
r"" A DuPontiRerspective

Impreved production processes
Dioe rocessipg/renewable feedstocks
~ 0Jz)11Es 215 DlalghEs
SUSHRINIAIE PEOGESSeS

Weight reduction
transportation
packaging/insulation

Alternative energy
batteries, fuel cells,

Photonics, electronics, semiconductors

Major Trends




s JJE?JJ jotechnology
/' 61"t|on

J'j comhb mant DNA technology
~ Applications to chemicals and

polyme s
PropaH'edloI and Polypropylene
terepthalate
Plants as (chemical) plants

Biomimetic materials

Spider dragline silk
rouis GessoAhalone shell




jonality: Link to
~Markets

Marketable Properties Bio-Capability
eIncreased strength and elasticity Morphological Order
Increased fracture toughness,

eIsotactic polymers, chiral chemicals, <Chemical Order
etc.

*Ability to distinguish subtle chemical <Molecular
size or shape differences Recognition/Selectivity

« Alter chem/physical behavior in Dynamic Surface Interactions
response to environment

*Precisely Engineered Nanostructure <Self-Assembly, Replication
*Precisely controlled minute motion *Molecular Motion

*Eliminates/lessens rejection *Bio-compatibility

Biotech Revolution




* Greatest biological diversity
* Broad range of feedstocks
« Chemically specific

« Commercial experience with
enzymatic processes

e Minimal environmental
footprint

Biotech Revolution
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 Ultimate production platform

L 0 e Zero variable cost
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Al i Economic product concentration key to
4 commercial success
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,_,pmﬁ SEnhancing Green Plant
AN Production

f v or}gmer-Producing Plants

e
Development of green plant production
of p-hydroxybenzoic acid, a key
Intermediate for DuPont’s liquid-crystal
polymer offering, Zenite®

1999

- August - DuPont produces
5% momoner in Tobacco
plants
(20X literature’s best)

1998

Literature reports
Transgenic tobacco produces
0.25% monomer

1996

Literature reports

1993 plants that make 0.05%
monomer
Literature reports plants

1988 produce 0 - 0.0001%monomer

Biotech Revolution
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S BIeImetic Systems

A

etic Catalysts

© BMnetic Enhancement of Materials

e Blomimetic Chemical Processes

Biotech Revolution




